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UK state pension age is rising in response to life expectancy
gains but population health and job opportunities may not be
sufficient to achieve extended working lives'>. This study aimed
to estimate future trends in healthy working life expectancy
(HWLE) from age 50 to 75 for men and women in England. Using
the ‘intercensal’ health expectancy approach, annual period
HWLE from 1996 to 2014 was estimated using cross-sectional
Health Survey for England data and mortality statistics*”. HWLE
projections until the year 2035 were estimated from Lee-Carter
forecasts of transition rates®. Projections of life expectancy
from age 50 showed gains averaging 10.7 weeks (0.21 years)
and 6.4 weeks (0.12 years) per calendar year between 2015 and
2035 for men and women respectively. HWLE has been extend-
ing in England but gains are projected to slow to an average
of 1 week per year for men (0.02 years) and 2.8 weeks (0.05
years) per year for women between 2015 and 2035. Modest
projected HWLE gains and the widening gap between HWLE
and life expectancy from age 50 suggest that working lives are
not extending in line with policy goals. Further research should
identify factors that increase healthy working life.

Population aging and further expected increases in life expec-
tancy have led many countries to seek to extend working lives by
increasing state pension age"’. For example, France, Germany and
Spain will increase the state pension age to 67 years between 2023
and 2029 and the UK state pension age will increase to 67 by the
end of 2028 with further increases to 68 expected to be brought for-
ward to 2037-2039 (refs. ). Achieving policy objectives to extend
later working lives requires a sufficient proportion of people in the
population to be able to work for longer, along with appropriate job
opportunities. Poor physical and mental health as well as employ-
ment levels, job opportunities and the workplace environment are
key reasons for early departure from the workforce—particularly
in adults aged 50 and over>'’"’. Socio-demographic factors are
also linked to health and work outcomes; deprivation and lower
educational attainment are associated with more health problems
and lower levels of work>'®'>!*. Sex and gender are associated with
social, economic and biological determinants and consequences of
health and illness'>'¢.

The links between health and work highlight the need to main-
tain a healthy workforce if policy changes to extend working lives are
to be realized. Healthy Working Life Expectancy (HWLE), which is
the average number of years from age 50 that people can expect to
be healthy and in work, is lower than ten years in England®'”'*. Life
expectancy gains may not translate to increasing HWLE>'”'® since
there is no consistent correlation between mortality rates and popu-
lations” burdens of poor health'. Social inequalities in disability free
life expectancy are growing in the UK and average gains in healthy
life years are lagging behind the rest of Europe***..

How HWLE might change in the coming years, as state pen-
sion age continues to rise, is unknown. If state pension age rises but
HWLE gains do not keep pace, individuals (especially those with
chronic health problems) may increasingly face challenges secur-
ing suitable employment or engaging productively and healthily at
work, to the detriment of their health and well-being and that of
their families®*.

The aim of this study was to investigate past and expected
future HWLE trends for men and women in England by pro-
jecting HWLE to the year 2035. Achieving this depended on
the availability of health and work survey data for adults aged
50 years and older, and the feasibility of applying projection and
health expectancy methods. The approach presented in this paper
applies standard demographic forecasting methods to project
HWLE using annual cross-sectional data on the age-specific prev-
alence of being healthy and working from the Health Survey for
England (HSE).

Results

Forecasts of HWLE (from age 50 to end of life) and life expectancy
were based on mortality rates from 1996 to 2018 from national mor-
tality statistics and rates of health (absence of long-standing limiting
illness) and work participation from 1996 to 2014 estimated from
HSE data. Because of low rates of health and work participation in
the HSE data beyond age 75 during the study period, feasibility of
the analyses required the assumption that rates of both health and
work participation in adults aged over 75 was negligible. Although
HSE data are not available by individual year of age after 2014, data
up to 2018 could be included in a sensitivity analysis using the
Sullivan method.

Life expectancy projections. Life expectancy from age 50 for men
was 26.20 years in 1996, 30.60 years in 2015 (the first year of HWLE
projections) and 31.60 years from age 50 in 2018 (the most recent
year with observed mortality data) (Table 1 and Supplementary
Table 1). Life expectancy from age 50 for men was projected as
31.97 years (95% confidence interval (CI)=31.71-32.22) in 2020
and 34.70 years (95% CI=33.75-35.56) in 2035. Projected life
expectancy for men in 2035 was 1.20 years higher than the Office
for National Statistics (ONS) 2018-based estimate of 33.5 years
from age 50.

Life expectancy from age 50 for women was 30.39 years in
1996, 33.65 years in 2015 and 34.51 years in 2018 (Table 2 and
Supplementary Table 2). Life expectancy from age 50 for women
was projected as 34.79 years (95% CI=34.51-35.08) in 2020 and
36.72 years (95% CI=35.69-37.70) in 2035. The projected life
expectancy point estimate for women in 2035 was 0.72 years higher
than the ONS 2018-based estimate of 36.0 years from age 50.
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Table 1| HWLE and life expectancy estimates from age 50 for men: projections of HWLE for the years 2015, 2020, 2025, 2030 and
2035, life expectancy observed (2015) and projected (2020, 2025, 2030, 2035), Sullivan method HWLE estimate for the year 2015
and official published life expectancy estimate for the year 2015 and projections for the years 2020, 2025, 2030 and 2035

Men Intercensal method + Lee-Carter projections  Sullivan method ONS past and 2018-based life expectancy projections

Year Projected HWLE Observed life Projected life ~ HWLE (95% CI) Past life Projected life Low variant High variant
(95% CI) expectancy  expectancy expectancy expectancy

2015  8.67 31.33 9.82(9.31-10.33) 314
(6.57-10.73)

2020 8.85 31.97 32.0 31.8 322
(4.98-12.03) (31.71-32.22)

2025 892 32.92 325 323 32.8
(3.84-12.57) (32.29-33.51)

2030 899 33.83 33.0 32.6 334
(2.90-12.96) (33.01-34.59)

2035  9.05(2.16-13.28) 34.70 335 32.7 34.1

(33.75-35.56)

State 1: healthy and in work; state 2: not healthy and/or not in work (including: healthy and not in work, not healthy and in work, not healthy and not in work); state 3: dead. Data for the estimation of HWLE
from 1996 to 2014 (1996-2017 for the Sullivan method estimates) were examined; data for the estimation of life expectancy from 1996 to 2018 were examined. The ONS low and high variants reflect less
optimistic and more optimistic future demographic scenarios, respectively based on trend calculations and expert opinions. See Supplementary Table 1 for results for the years 1996-2035.

Table 2 | HWLE and life expectancy estimates from age 50 for women: projections of HWLE for the years 2015, 2020, 2025, 2030
and 2035, life expectancy observed (2015) and projected (2020, 2025, 2030, 2035), Sullivan method HWLE estimate for the year
2015 and the official published life expectancy estimate for the year 2015 and projections for the years 2020, 2025, 2030 and 2035

Women Intercensal method + Lee-Carter projections Sullivan method ONS past and 2018-based life expectancy projections

Year Projected HWLE Observed life Projected life HWLE (95% Cl)  Past life Projected life Low variant High variant
(95% ClI) expectancy expectancy expectancy expectancy

2015 749 (5.61-9.62) 34.26 810 (7.64-8.55) 34.3

2020 7.74 34.79 34.8 34.7 35.0
(4.50-11.53) (34.51-35.08)

2025 8.02 35.46 35.2 35.0 355
(3.98-12.52) (34.79-36.12)

2030 8.30 36.11 35.6 35.2 36.0
(3.59-13.27) (35.22-36.95)

2035 8.57 (3.28-13.87) 36.72 36.0 354 36.6

(35.69-37.70)

State 1: healthy and in work (HWLE); state 2: not healthy and/or not in work (including: healthy and not in work, not healthy and in work, not healthy and not in work); state 3: dead. Data for the estimation
of HWLE from 1996 to 2014 (1996 to 2017 for the Sullivan method estimates) were examined; data for the estimation of life expectancy from 1996 to 2018 were examined. The ONS low and high variants
reflect less optimistic and more optimistic future demographic scenarios, respectively based on trend calculations and expert opinions. See Supplementary Table 2 for the results for the years 1996-2035.

HWLE projections. For men, HWLE from age 50 during the
observed years was calculated to increase from 6.93 in 1996 to
8.94 in 2014 (the most recent year with observed age-specific
health and work for the HWLE calculation) (Supplementary Table
1). Projected HWLE from age 50 for men was 8.67 years (95%
CI=6.57-10.73) in 2015, increasing to 8.85 years (95% CI=4.98-
12.03) in 2020 and 9.05 years (95% CI=2.16-13.28) in 2035 (Table
1 and Supplementary Table 1).

For women, HWLE from age 50 during the observed years
increased from 4.94 in 1996 to 6.85 in 2014 (Supplementary Table
2). Projected HWLE from age 50 for women was 7.49 years (95%
CI=5.61-9.62) in 2015 increasing to 7.74 years (95% CI=4.50-
11.53) in 2020 and 8.57 years (95% CI=3.28-13.87) in 2035 (Table
2 and Supplementary Table 2).

Expected future trends in the relationship between HWLE and
life expectancy. Average HWLE gains are not expected to keep pace
with average life expectancy gains, meaning a likely decrease over
time in the percentage of life expectancy from age 50 spent healthy

14

and in work. Life expectancy from age 50 for men in 2035 was pro-
jected to be 4.10 years higher than that observed in 2015 (the first
year for which HWLE was projected), implying an average annual
gain of 10.7 weeks (0.21 years) per year. Life expectancy from age
50 for women in 2035 was projected to be 2.46 years higher than
that observed in 2015 — an average gain of 6.4 weeks per year (0.12
years). Throughout 1996 to 2014, the average estimated gain per
year in HWLE from age 50 was 5.8 weeks for men (0.11 years) and
5.5 weeks for women (0.11 years) (Figs. 1 and 2). From 2015 to 2035,
HWLE gains were projected to slow to an average of 1 week per year
for men (0.02 years) and 2.8 weeks per year for women (0.05 years).

Sensitivity analyses results. HWLE point estimates calculated
using the Sullivan method were almost 1 year higher for men and
0.78 years higher for women from 1996 to 2014 than the primary
estimates calculated using the intercensal method (Table 3). HWLE
trends over time were visually similar using both methods (Figs.
1 and 2). From 1996 to 2014, Sullivan method HWLE estimates
increased by an average of 6.4 weeks per year for men (0.12 years)
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Fig. 1| Projections of HWLE from age 50 for men. Observed (1996-2014,
black line) and projected HWLE (2015-2035, blue dashed line with 95%
Cls) estimates for men shown with Sullivan method estimates (green line
with 95% Cls). Cls are derived from uncertainty forecasts for changes over
time in mortality and transition rates and in prevalence of being healthy
and in work at age 50.

and 6.3 years for women (0.12 years) compared to average yearly
gains of 5.8 weeks (0.11 years) and 5.5 weeks (0.11 years), respec-
tively in the intercensal HWLE estimates. Although HWLE projec-
tions are expected smoothed trends without fluctuation typical of
point estimates from observed years, the Sullivan method HWLE
estimates from 2015 to 2018 maintained a similar relationship to the
projected HWLE. HWLE increases observed for men and women
from 2015 to 2018 using the Sullivan method appear to be slowing,
which is consistent with inferences from HWLE projections.

There were no substantial differences in HWLE estimates or 95%
CIs for men or women either assuming mortality rates to be the
same from both alive states (R=1) or assuming mortality rates to be
twice as high from the unhealthy and/or not working state (R=2)
(Supplementary Tables 1-4 and supplementary Note).

Discussion

The length of healthy working life from age 50 has been extending
for both men and women in England but gains appear to be stalling.
Between 2015 and 2035, expected HWLE gains are also lower than
the life expectancy gains of 3.37 years for men and 2.46 years for
women expected from age 50. HWLE is expected to be 1.08 years
longer for women and 0.38 years for men in 2035 compared to 2015.
The modest expected increase in HWLE suggests that working lives
are not necessarily extending in line with policy goals, which may
result in an increase in older adults requiring benefits due to being
unhealthy or out of work. Further, raising the state pension age
implies an expected extension of full-time work. This HWLE pro-
jection analysis included part-time workers; results of a full-time
only or full-time equivalent analysis would be lower. Both working
life expectancy and HWLE may be more strongly correlated with
healthy life expectancy than with life expectancy”. Life expectancy
improvements widespread across Europe and worldwide have been
the basis for raising the state pension age in the UK but smaller
improvements in population health at older ages may be a barrier
to increasing both employment at older ages and length of healthy
working life"**~2. While life expectancy at age 65 increased from
2000-2002 to 2012-2014, healthy life expectancy at age 65 stayed
the same; gains in life expectancy from age 65 were unhealthy years
leading to an increasing proportion of years in later life spent in
poor health?. While there has been little evidence of compression
of morbidity in the UK, a few European countries have experienced
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Fig. 2 | Projections of HWLE from age 50 for women. Observed HWLE
(1996-2014, black line) and projected HWLE (2015-2035, blue dashed line
with 95% Cls) estimates for women shown with Sullivan method estimates
(green line with 95% Cls). Cls are derived from uncertainty forecasts for
changes over time in mortality and transition rates and in prevalence of
being healthy and in work at age 50.

absolute or relative compression of morbidity and a greater dynamic
equilibrium, where years of unhealthy life are expanding due to
increases in milder levels of ill-health;’' the latter may be of particu-
lar interest in terms of HWLE. Moreover, that inequalities are wid-
ening and life expectancy and healthy life expectancy at age 65 have
remained largely unchanged for men and women in England since
2012-2014 (refs. **>**) is consistent with the HWLE trends forecasted
in this study.

Women’s shorter observed and projected HWLE compared to
men despite longer life expectancy reflects women’s historically
lower state pension age and employment rates™. This difference
also highlights the role of various lifestyle, biological, workplace
and social factors in the broader biopsychosocial model that may
influence work engagement and length of healthy working life*.
Increases to state pension age for women, implemented from 2010,
are likely to have contributed to increasing employment rates in
recent years. Estimates of HWLE trends in England in recent years
are consistent with the findings of this study in showing larger
increases for women than men®. The projected narrowing of the
gap between length of healthy working life from age 50 for men
and women in England is in keeping with a narrowing of the sex
difference in working life expectancy from age 50 across Europe®.
This forecast — and the small HWLE gains projected — could result
from the HSE data reflecting the impact of the financial crisis of
2007-2008 on jobs later in our study period, as well as austerity
measures introduced in the UK from 2010, reducing the number of
jobs or job quality”~". The Lee-Carter forecasting approach bases
projections on an observed age-period pattern in the data and does
not attempt to anticipate policy changes or other interventions;
therefore, efforts to create good work opportunities for older work-
ers may help to avoid the projected stalling of HWLE in the future.

As well as mortality rates”, the coronavirus (COVID-19) pan-
demic has impacted on both health and employment levels and the
impact on HWLE will become clearer as health and employment
rates stabilize in the coming years. Education inequalities exacer-
bated through school closures due to COVID-19 (refs. '**?) may
disadvantage the next generation of workers who will be expected
to remain in employment until older ages. Furthermore, job loss is
linked to a variety of psychosocial and objective contextual factors
(for example, inadequate support at work), which are more likely to
affect people in occupations requiring fewer educational qualifica-
tions and in areas of higher deprivation®.
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The opportunity to combine different data sources was a strength
of this study; incorporating the most recent mortality data into the
analysis allowed the results to reflect that estimates of life expectancy
in England have been revised down in recent years*. Life expec-
tancy projections were higher than official projected point estimates
by the ONS, which are accompanied by estimates of low and high
variants based on expert judgement rather than 95% CIs from sta-
tistical methods. If the life expectancy projections obtained in this
study are overestimated, the gap between life expectancy and HWLE
gains may be narrower than observed, although the HWLE would
also be reduced by increased mortality in the 50-75 age range.

Estimates of HWLE using the intercensal and Sullivan methods
were several years lower than HWLE estimates previously published
using the interpolated Markov chain approach with data from the
English Longitudinal Study of Ageing (10.94 years for men and 8.25
years for women from age 50)°. In this study, to forecast HWLE
necessitated a simplified multistate modeling approach using the
intercensal method (for which data collected annually from adults
of all ages in the HSE were best suited), although limitations and
biases of this health expectancy estimation approach are not yet
well understood. These results suggest that HWLE estimates may
be underestimated as a result of sensitivity to the model assump-
tion of net irreversible transitions (instead of allowing return to
the healthy and working state) implemented in the intercensal and
Sullivan methods, while the robustness of the Sullivan time trends
likely extends to trends observed using the intercensal method.

The sensitivity analysis demonstrating the robustness of the
HWLE to R is a key strength of this study because the true ratio is
difficult to estimate due to the impermanence of people’s transitions
between health and work statuses.

Operationalizing health using self-reported long-standing limit-
ing illness is a strength. Theoretical models highlight that biological
and nonbiological factors drive perceptions of health?>. The aspect
of health driving ability to function (including work) is likely to
be more directly linked to whether long-standing limiting illness
is present than self-assessed general health, which is interpreted
inconsistently between individuals and cultures and is associated
with respondents’ feelings of vitality””. The operationalization of
health via self-reported limitation is compatible with the biopsycho-
social relationship between health and work; for example, limita-
tions experienced due to illness may be removed through employer
adaptations'”.

Limitations of our study concern the estimation method
and HSE sample size. First, the choice of the HWLE estimation
method was based on feasibility rather than taking a Markov chain
approach®”. No approach to estimate the Cls associated with each
point estimate is a limitation of the intercensal approach. (Those
calculated for the HWLE projections derive from the projection
component.) The intercensal method assumes that the age pattern
for the rate of transition from healthy and working to unhealthy
and/or not working, as well as the overall population mortality
rate, are well approximated by an exponential function. This, and
the modeling of net transition rates instead of the two-way transi-
tions in and out of health and work states possible in reality, could
help to explain why estimates using both the intercensal approach
and Sullivan method differ from previously published interpolated
Markov chain results’. Second, the calculations of past HWLE and
estimation of projected HWLE were limited by low sample sizes
in the HSE datasets for health and work prevalence data to the
extent that smoothing was essential. The sample sizes also meant
that it was necessary to examine period life expectancy and HWLE
because sequential cross-sectional measurements of the age-specific
prevalence of being healthy and in work were too varied to be fea-
sibly and meaningfully analyzed using a cohort approach. Cohort
HWLE estimates using the intercensal approach may be less biased
than Sullivan estimates due to avoiding the assumption of stationary
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mortality rates and population prevalence of being healthy and in
work throughout the life course for each year®. That HSE survey
weights were not available before 2003 may be a limitation affecting
representativeness of the earlier study years. The unavailability of
age-specific HSE data after 2014 was a further limitation because
this meant that the years since then, already passed at the time of
this study, were projected, thereby adding additional uncertainty to
the projections. Although this study aimed to estimate HWLE and
life expectancy from age 50 to end of life, it was necessary to assume
negligible rates of health and work participation after age 75 due
to very low and zero observed rates of health and work participa-
tion. Recent HSE years showed nonzero rates of health and work
engagement after age 75; HWLE projections from age 50 to end of
life could be slightly underestimated due to likely increasing work
engagement in good health at these older ages.

There are several key implications of this study for policymakers
and further research. Importantly, the study indicates that policies
to extend working lives are likely to fail without additional poli-
cies targeting population health, job opportunities, management of
health conditions for people in work and workplace environments.
However, the Lee—Carter forecasting approach did not take into
account the effect on HWLE of other factors that may change; the
HWLE projections presented suggest future trends based on rele-
vant factors remaining the same (or continuing the same trends) as
observed in the study period. Whether people in England can work
for longer may depend on interventions to improve population
health and access to suitable employment, particularly since earlier
onset of multiple health conditions (multi-morbidity) is expected in
future cohorts of older people*. More work is needed to examine
the links between population health, demographics, workplace and
lifestyle factors with HWLE. There are many factors (for example,
climate change) that may influence HWLE in the coming years in
ways that we cannot currently predict; methodological development
is required to account for the trends presently foreseen in lifestyle
behaviors (for example, activity and obesity levels) and workplace
factors. The new demonstration of HWLE estimation using the
intercensal approach compared to more established approaches
has important implications for methodological development of the
health expectancy estimation tool kit.

Although difficulty in identifying a suitable data source may be
a barrier to updating the HWLE projections using these methods in
the future, these findings provide a useful insight into the potential
trajectory of future HWLE change for men and women in England.
Recognizing the possibility that HWLE estimates and projections
are likely to have been underestimated in this study, there remains
a gap between expected levels of working (until the state pension
age on average) and achieved length of healthy working life in men
and women in England. There is a need to monitor current and
projected HWLE to examine the impact of policy changes in the
coming years as state pension age continues to rise and people are
expected to work for longer. The projected slowing of HWLE gains
compared to life expectancy indicates a need to better understand
the factors that drive, or are barriers to, extending healthy working
life as well as how HWLE varies between subpopulations affected by
key age-associated health conditions. Initiatives to improve popula-
tion health and well-being, reduce inequalities and improve access to
suitable job opportunities may be essential to continue the upward
trajectory of HWLE for men and women as state pension age rises.

Methods

Ethical approval for the HSE is reviewed yearly and was obtained from the East
Midlands Nottingham 2 Research Ethics Committee (ref. no. 15/EM/0254) for the
2018 survey.

Study design and participants. Total life expectancy from age 50 and HWLE

from age 50 to end of life were estimated and forecasted using age-specific rates of
mortality and health and work participation. Age-specific mortality rates from age
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50 to 100 for men and women separately were identified from the UK ONS single
year life tables from 1996 (to correspond to the start of the HSE data used) to 2018
(the most recent year available at the time of the analysis)”.

Data on health and work participation were used from the HSE. Full
details of the HSE study design, methods and response rates have been
published previously>*". Briefly, the series of annual HSE surveys started in
1991 using household questionnaires, personal interviews and self-completion
questionnaires to collect data from representative samples of England’s
community-dwelling general population (using survey weighting from 2003).
HSE data were obtained from the UK Data Service (freely available to registered
researchers from https://doi.org/10.5255/UKDA-SN-7919-3) and used to identify
the prevalence (with weights for the years 2003-2014) of being healthy and in
paid work at each year of age from age 50 upwards from 1996 to 2014 using
the following variables: limiting long-standing illness (to identify health status;
included in the HSE from 1996); work participation status; and year of age. More
recent HSE data (2015 onwards) could not be used because it provided only
grouped age variables. For feasibility, a data-driven assumption was made that
the age-specific rates of being both healthy and in work were negligible after age
75. HSE sample sizes each year from 1996 to 2014 for the ages 50-75 ranged from
1,785 (2009) to 5,798 (2008) after excluding respondents with missing health
and/or work data (Supplementary Table 5). For each year from 1996 to 2014 for
respondents aged 50-75, the number of respondents with missing health and/or
work data ranged from 0 (1996) to 10 (2014).

Assessment of health and work states. HWLE is defined as the average number
of years people in a population are expected to be both healthy and in work from
age 50 (refs. >'*). Health and work statuses were self-reported in the HSE surveys
from 1996.

Health was captured through two survey items on limiting long-standing
illness (revised in 2012): ‘Do you have any long-standing illness, disability or
infirmity? By long-standing I mean anything that has troubled you over a period of
time or that is likely to affect you over a period of time?” and if so, ‘Does this illness
or disability (do any of these illnesses or disabilities) limit your activities in any
way?’ (HSE 1996-2011); ‘Do you have any physical or mental health conditions or
illnesses lasting or expected to last 12 months or more?’ and if so, ‘Do any of your
conditions or illnesses reduce your ability to carry out day-to-day activities? Please
consider whether you are affected while receiving any treatment or medication
for your condition or illness and/or using any devices such as a hearing aid, for
example’ (HSE 2012 onwards). Respondents were considered to have a limiting
long-standing illness, and thus being unhealthy, if they responded yes to both
questions (with activity restriction ‘yes, a little’ or ‘yes, a lot’ in 2012-2014).
Respondents were otherwise considered healthy.

Work was defined as participation in paid employment or self-employment (or
away temporarily) within the week preceding that of the interview.

Statistical methods. A three-state model was used to estimate and project HWLE
for men and women in England: healthy and working (state 1); unhealthy and/

or not working (state 2); and dead (state 3) (Supplementary Fig. 1). HWLE was
calculated and forecasted based on a progressive illness-death model where
irreversible transitions can occur: from healthy and working to unhealthy and/or
not working (transition from state 1 to state 2); from healthy and working to dead
(state 1 to state 3); and from unhealthy and/or not working to dead (state 2 to state
3) (Supplementary Fig. 1). Since in reality individuals may exit and reenter the
healthy working state, this approach assumes modeling net transition rates”*.

The HWLE from 1996 to 2014 was estimated separately for men and women
using the intercensal approach®”. In this health expectancy estimation method,
transition probabilities and transition rates are inferred from age-specific mortality
rates for each calendar year, age-specific prevalence of being healthy and in work
for each calendar year and the ratio of mortality rates R from the unhealthy and/or
not working state (state 2) compared to the healthy working state (state 1). R was
treated as a constant with the assumption that the relationship with mortality of
health and work status was the same for all ages, calendar years and sexes*.

For each year of age from 50 to 75 in each calendar year 1996-2014, the
population prevalence of being healthy and in work was taken as locally
estimated scatterplot smoothed values of the HSE observed prevalence of being
healthy and in work (separately for men and women). Smoothing of age-specific
prevalence of being healthy and in work was improved by including values set to
zero for ages 76-79.

R could not be directly estimated because no suitable data source could be
identified. Instead, R was approximated as 1.04 by comparing hazard ratios for the
two transitions to death associated with each additional year of age in a continuous
time, 3-state model Markov chain analysis of data from the English Longitudinal
Study of Ageing (Supplementary Note).

HWLE projections up to the year 2035 were estimated by combining the
intercensal method (for estimating health expectancies) with the Lee—Carter
forecasting approach (used to forecast the transition rates that are the basis of
the intercensal method HWLE estimates)®. HWLE was projected for the years
2015 to 2035 using Lee—Carter forecasts of transition rates for the permitted
transitions in the 3-state model and Lee-Carter forecasts of age-specific mortality
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rates. (Observed mortality rate data were used for the 2015-2018 HWLE
projections.)””**. In the Lee-Carter method, age-specific mortality rates are
forecasted through singular value decomposition of the log of the age-specific
mortality rates and subsequently modeling the time component as a random walk
with drift®. Autoregressive integrated moving average (ARIMA) (0,1,1) time series
models were used to estimate the prevalence of being healthy and in work at age 50
in projected years for men and women™.

HWLE 95% CIs were derived from the 95% ClIs of Lee—Carter vectors of
change over time for both the overall mortality and transition rates from healthy
and working to unhealthy and/or not working, as well as the 95% CIs for ARIMA
forecasted population prevalence of being healthy and in work at age 50.

The upper and lower estimated bounds for projections of the transition rate
from healthy and working to unhealthy and/or not working were implausible at
ages 52, 53 and 54 for men; to avoid the CIs of HWLE encompassing negative
values, upper and lower bounds for this transition rate were linearly interpolated
using the bounds estimated at ages 51 and 55. All analyses were performed in R
v.3.6.2.

Sensitivity analyses. To assess the validity of the projection model and HWLE
estimates, observed (1996-2014) and forecasted HWLE (2015-2017) were
estimated separately using the Sullivan method*. The Sullivan method is an
approach that has been widely used to estimate health expectancies using cross-
sectional data, with the assumption that the proportion of people alive or healthy
at each age does not change over time, for simplicity or where longitudinal
approaches were not feasible>™. (The most recent HSE years 2015-2017 could

be used in this sensitivity analysis since grouped ages can be analyzed using the
Sullivan method.)

The potential impact on HWLE estimates and projections of taking R as 1.04
was examined using sensitivity analyses taking R as 1 (mortality rates are assumed
to be the same from healthy and working state 1 and unhealthy and/or not working
state 2) and taking R as 2 (mortality rates are assumed to be twice as high from
unhealthy and/or not working state 2 compared to healthy and working state 1).

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

Data from the HSE is available without restriction to registered researchers from
the UK Data Service (https://doi.org/10.5255/UKDA-SN-7919-3). HSE data
collected in the years 1996-2018 were used in this study. Mortality rates were
obtained from the 2018-based past and projected period and cohort life tables
published by the UK ONS. All other data are available from the corresponding
author upon reasonable request.
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Research sample We analysed nationally representative cross-sectional survey data collected from 1996-2014 (with 2015-18 data used in sensitivity
analyses) in the Health Survey for England (HSE) - available from http://doi.org/10.5255/UKDA-SN-7919-3. We used health and work
data collected from adults aged 50 years and over. This dataset was selected as it contains the relevant health and work data for our
study and the repeated design allowed use of existing health expectancy and projection methods.

Sampling strategy For each HSE year, households were selected randomly to be invited to participate. In each selected household, all individuals were
eligible for inclusion in the survey. HSE surveys 1996-2014 were used in the main analysis as 1996 was the first year with the health
and work questions and 2014 was the final year for which data were released with individual (not grouped) year of age. Data up to
2018 (the most recent data at time of analysis) were used in sensitivity analyses.

Data collection Computer Assisted Personal Interviewing software was used for personal interviews with participants. This study is a secondary
analysis of the HSE data and as such interviewers were not aware of the research focus.

Timing For each of the 13 yearly HSE surveys (1996-2018) used in this study, interviews were carried out throughout the entire calendar
year.
Data exclusions Due to low rates of missingness, participants with missing health or work data (n<=10 at each HSE year) were excluded from the

study sample. For the main analysis (1996-2014), the number excluded due to missingness was: 1996 (0), 1997 (3), 1998 (8), 1999
(3), 2000 (7), 2001 (9), 2002 (3), 2003 (9), 2004 (6), 2005 (8), 2006 (5), 2007 (3), 2008 (9), 2009 (2), 2010 (2), 2011 (3), 2012 (9), 2013
(3), 2014 (10).

Non-participation This study was a secondary data analysis of data collected in the yearly national Health Survey for England (HSE). HSE household
response rates from 1996 to 2014 ranged from 62%-79%. For data collected from 2003 onwards, HSE weights (introduced in 2003)
were used to reduce non-response bias. Household response rates: 1996 (79%), 1997 (76%), 1998 (74%), 1999 (76%), 2000 (75%),
2001 (74%), 2002 (74%), 2003 (73%), 2004 (72%), 2005 (74%), 2006 (68%), 2007 (64%), 2008 (64%), 2009 (68%), 2010 (66%), 2011
(66%), 2012 (64%), 2013 (64%), 2014 (62%).

Randomization The study was observational
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